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1
ETCHING METHOD

FIELD OF THE INVENTION

The present invention relates to an etching method for
forming an opening such as a contact hole or the like on an
insulation film, and, more particularly, to an etching method

capable of etching an insulation film exclusively without
damaging an underlayer of a water.

BACKGROUND OF THE INVENTION

In order to form a hole as a contact hole on an 1nsulation
f1lm or the like, a plasma processing apparatus performs a dry
etching such as a high anisotropic reactive 1on etching or the
like. FIG. 6 shows a case of etching an object to be processed.,
¢.g., awaler 1n which an insulation film 202, a hard mask 203
formed ot S10,, or the like, an anti-reflection coating 204 and
a resist film 205 are laminated on an underlayer 201 1n order.

First of all, as depicted in FIG. 6A, an opening 205A 1s
formed 1n the resist film 205 by employing a photolithogra-
phy process. Next, as 1llustrated in FIG. 6B, a dry etching 1s
performed on the anti-reflection coating 204, the hard mask
203 and the msulation film 202 by using the resist film 2035 as
a mask until the underlayer 201 1s exposed, thereby forming
an opening 206. During the dry etching, the underlayer 201 as
well as a sidewall of the opening 206 1s irradiated by reactive
ions or the like. Accordingly, the underlayer 201 1s damaged
as depicted 1n FIG. 6B and, further, the damage intlicted on
the underlayer 201 hinders a wiring process or the like to be
performed.

As described 1n FIG. 6C, a defective layer 206 A has been
removed through a conventional wet etching process. How-
ever, 1n case of the wet etching process, since 1t 1s difficult to
find out the exact thickness of the defective layer 206 A to be
removed, it 1s very difficult to precisely remove only the
defective layer 206A and, thus, a surface of the underlayer
201 tends to be overetched, thereby deteriorating a fabrica-
tion accuracy. Therefore, there 1s suggested a technique for
removing the defective layer 206 A while maintaining the
fabrication accuracy for forming the opening 206 to the
utmost 1 Japanese Patent Application Nos. HO3-182871,
HO7-167680 and HO8-144008 (heremafter, referred to as
Patent documents 1 to 3).

For example, the Patent document 1 suggests a semicon-
ductor device fabrication method involving forming an 1nsu-
lation film on an underlayer of a water, dry etching the 1nsu-
lation film by applying a patterned resist film as a mask,
exposing the underlayer through an opening generated by dry
ctching, forming a selective oxide layer by oxidizing a defec-
tive layer formed on a surface of the underlayer during the dry
etching process, and removing the selective oxide layer by a
wet etching. In this method, while the defective layer formed
on the surface of the underlayer 1s removed, an overetching
onto the underlayer 1s suppressed by converting the defective
layer 1nto the selective oxide layer by oxidizing it first before
it 1s removed.

The Patent document 2 suggests a semiconductor device
tabrication method involving a first plasma etching process in
which a part of an inter-layer imsulation film 1s etched along a
thickness direction thereof until a surface of a device area 1s
about to be exposed and a second plasma etching process 1n
which a remaining part of the inter-layer insulation film 1n the
thickness direction thereof i1s etched by a gas capable of
generating halogen-based chemical species other than fluo-
rine-based chemical species. In this method, the etching 1s
performed by using the gas capable of generating halogen-
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based chemical species other than fluorine-based chemical
species, thereby suppressing carbon or fluorine contamina-
tion on the device area or a generation of a defective layer
thereon.

The Patent document 3 suggests a semiconductor device
fabrication method involving dry etching an msulation film
formed on an underlayer of a wafer, and removing a defective
layer formed on the surface of the underlayer by 1rradiating
accelerated oxygen 10ons thereon through an openming of the
insulation film. In this method, since fluorine 1s not used for
removing the defective layer, the surface of the underlayer 1s
not etched. As a result, irregularities are not generated on the
surface of the underlayver.

In the conventional method of the Patent document 1, the
insulation film 1s dry etched until the silicon underlayer 1s
exposed and the defective layer formed on the silicon under-
layer 1s oxidized and converted into a selective oxide layer
and, then, the selective oxide layer 1s wet etched. Accord-
ingly, 1n case an underlayer or a device area 1s formed on the
surface of the silicon substrate, an etching selectivity of the
insulation film against the underlayer or the device region can
be low during the dry etching process, and, further, the defec-
tive layer formed on the surface of the underlayer or the
device area 1s removed by the wet etching. Therefore, it 1s
possible to precisely and exclusively etch the msulation film
only, resulting in the erosion of the underlayer or the device
area.

Meanwhile, the underlayer keeps getting thinner along
with a trend for high integration and high density of a semi-
conductor device. For example, a film thickness currently
ranging from 350 nm to 100 nm 1s expected to be reduced to
range from 20 nm to 30 nm 1n a near future. Therefore, with
the etching method of the Patent document 1, 1t1s not possible
to cope with the trend for the thinner semiconductor under-
layer.

Further, in the conventional method of the Patent document
2, the etching 1s performed by using the gas capable of gen-
erating halogen-based chemical species other than fluorine-
based chemical species, thereby enabling to suppress carbon
or fluorine contamination on the device area or a generation of
a defective layer thereon. However, it 1s not possible to com-
pletely prevent the contamination from the halogen-based
chemical species (elements such as Cl, Br or the like) and the
generation of the defective layer. Consequently, with the etch-
ing method of the Patent document 2, 1t 1s not possible to cope
with the trend for the thinner underlayer.

Furthermore, in the conventional method of the Patent
document 3, since the defective layer formed on the surface of
the underlayer 1s removed by 1rradiating accelerated oxygen
ions thereon, energy of the oxygen 1ons should be precisely
controlled such that the surface of the underlayer 1s not etched
by the oxygen 1ons.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to provide
an etching method capable of etching an insulation film
exclusively with high accuracy without damaging a semicon-
ductor even while underlayer keeps getting thinner along with
the trend for high density and high integration of a semicon-
ductor device.

In accordance with a preferred embodiment of the present
invention, there 1s provided a method for etching an insulation
film through a patterned mask, the method includes,

a first process of etching the insulation film until just before
an underlayer 1s about to be exposed by applying a first
plasma of a first processing gas;
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a second process of modifying a quality of aremaining film
of the insulation film by applying a second plasma of a second
processing gas, the second plasma being different from the
first plasma; and

a third process of removing the msulation film having a
modified film quality with a liquid chemical.

In accordance with another preferred embodiment of the
present invention, there 1s provided a method for etching an
insulation film through a patterned mask, the method
includes,

a first process of etching the insulation film until just before
an underlayer 1s about to be exposed by applying a first
plasma of a first processing gas;

a second process of modifying a quality of aremaining film
of the insulation film by applying a second plasma of a second
processing gas, the second plasma being different from the
first plasma; and

a third process of removing the msulation film having a
modified film quality through a dry etching process using no
plasma.

Preferably, the insulation film 1s a S1COH-based low
dielectric constant msulation film.

Preferably, the mask 1s a hard mask.

Preferably, the first processing gas 1s fluorocarbon gas.

Preferably, in the second process, a methyl group 1s mainly
removed from the SICOH-based low dielectric constant 1nsu-
lation film.

Preterably, the second processing gas contains at least H,
gas or O, gas.

Preferably, the liquid chemical contains at least one of
hydrofluoric acid, ammonium fluoride and tetramethyl
ammonium hydroxide.

Preferably, the dry etching process using no plasma
employs a chemical oxide removal method.

Preferably, the underlayer i1s formed of S1C or S1CN.

In accordance with still another preferred embodiment of
the present invention, there 1s provided a method for etching,
a S1ICOH-based low dielectric constant insulation film, the
method includes,

a first process of etching the S1ICOH-based low dielectric
constant msulation film with a fluorocarbon gas plasma with-
out exposing an underlayer such that a thickness of a remain-
ing S1COH-based low dielectric constant insulation film 1s
smaller than or equal to 100 nm;

a second process of removing a methyl group from the
remaining S1COH-based low dielectric constant insulation
film by applying a plasma containing H, gas or O, gas; and

a third process of removing the remaining S1COH-based
low dielectric constant insulation film devoid of the methyl
group with a solution containing at least one of hydrofluoric
acid, ammonium {luoride and tetramethyl ammonium
hydroxide.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments, given in conjunction with the
accompanying drawings, in which:

FIG. 1 shows an exemplary plasma processing apparatus
used for an etching method of the present invention;

FIG. 2 describes a cross sectional view of an exemplary
liquid chemical processor used for removing a remaining film
of an etched low-k film;

FIGS. 3A and 3B provide cross sectional views of principal
parts of a water, which illustrate processes for etching the
low-k film with the plasma processing apparatus of FIG. 1;
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FIGS. 4A to 4C present cross sectional views of the prin-
cipal parts of the water, which respectively depict a process
for etching the low-k film with the plasma processing appa-
ratus of FIG. 1, a process for modilying a quality of the
remaining film of the low-k film, and a process for removing
a defective layer with the liquid chemical processor shown 1n
FI1G. 2 after the modification;

FIGS. SA and 5B ofler cross sectional views of an exem-
plary processing apparatus other than the liquid chemical
processor used for removing the modified remaiming film of
the low-k film 1llustrated 1n FIG. 4C; and

FIGS. 6 A to 6C represent sectional views of principal parts
ol a watler, which show processes for etching a low-k film
with a conventional etching method.

PR.

(L]
By

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENT

Hereinaftter, preferred embodiments of the present inven-
tion will be described 1n detail with reference to FIGS. 1 to S.

In an etching method of the present invention, an insulation
f1lm 102 formed on an object (e.g., a waler) 1s etched to form
an opening 106 by using a plasma processing apparatus 1
(see, FIG. 1) until an underlayer 101 thereof 1s about to be
exposed, that 1s, until a part of the msulation film 102 still
remains to be left. Thereafter, a quality of a remaining film
102 A of the insulation film 102 1s modified by using the same
plasma processing apparatus 1.

Next, the modified remaining film 102A of the msulation
film 102 1s subjected to a liquid chemical process using a
liquid chemical processor 20 (see, FIG. 2), so that the remain-
ing film 102A of the insulation film 102 can be precisely and
exclusively removed without damaging the underlayer 101.
Hereinatter, the plasma processing apparatus 1 and the liquid
chemical processor 20 will be explained and, then, a first
preferred embodiment of the etching method of the present
invention will be described.

The plasma processing apparatus 1 used for the etching
method of the present mvention includes an electrically
grounded processing chamber 2 having an alumaite processed
surface, which can be maintained at a desired high vacuum
level; a lower electrode 3 disposed at a central portion of a
bottom surface of the processing chamber 2, for mounting
thereon a water W; a support 4 provided on an insulation plate
2A on the bottom surface of the processing chamber 2, for
supporting the lower electrode 3 from below; and a hollow
upper electrode 5 spaced apart from the lower electrode 3.
Such plasma processing apparatus 1 1s configured to etch an
insulation film of the watfer until an underlayer 1s about to be
exposed and then modily a remaimnming film of the etched
insulation film.

A first high frequency power supply 6 of, e.g., 2 MHz, 1s
connected to the lower electrode 3 via a matching unit 6 A,
whereas a second high frequency power supply 7 having a
frequency, e.g., 60 MHz, higher than that applied to the lower
clectrode 3 1s connected to the upper electrode 5 via a match-
ing unit 7A. Further, a high pass filter 8 1s connected to the
lower electrode 3, whereas a low pass filter 9 1s connected to
the upper electrode 5. Moreover, a gas evacuation unit 11 1s
connected to an evacuation port 2B provided on the bottom
surface of the processing chamber 2 via an gas line 11 A and
maintains the processing chamber 2 at a desired vacuum level
by vacuum exhausting the processing chamber 2. Hereinafter,
iI necessary, the lower electrode 3 and the support 4 will be
referred together as a mounting table 10.

A gas supply line SA 1s formed at a central portion of a top
surface of the upper electrode 3 and 1s 1nserted 1nto a central
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portion of a top surface of the processing chamber 2 via the
insulation member 2C. Further, a gas source 12 1s connected
to the gas supply line SA via a gas supply line 13 and supplies
an etching gas. To be specific, the gas source 12 includes a
first gas (e.g., C,F,) source 12A, a second gas (e.g., Ar) source
12B, a third gas (e.g., N, ) source 12C, a fourth gas (e.g., O,)
source 12D, a fifth gas (e.g., H,) source 12E, and mass tlow
controllers (12F, 12G, 12H, 121 and 1217]) of the respective gas
sources 12A to 12E, wherein the gas sources 12A to 12E are
connected to the gas supply line 13 via the mass flow control-
lers 12F to 121, respectively.

Moreover, the gas source 12 combines gases from those
gas sources 12A to 12E and then supplies the gas mixture into
a hollow portion inside the upper electrode 5 at a predeter-
mined flow rate ratio. A plurality of gas injection openings 5B
are uniformly distributed on a bottom surface of the upper
clectrode 5. A plurality of gases introduced from the gas
source 12 are mixed and then uniformly supplied as an etch-
ing gas or a surface modilying gas into the processing cham-
ber 2 through the gas 1njection openmings 5B.

The processing chamber 2 1s vacuum exhausted by the gas
evacuation unit 11, and a specific etching gas 1s supplied
thereto from the gas source 12 at a predetermined flow rate. In
this state, by applying a high frequency power to the lower
and the upper electrode 3 and 5, a plasma of the etching gas
(or the surface modifying gas) 1s generated inside the pro-
cessing chamber 2 to be used 1n performing a specific etching
or surface modification on the water W on the lower electrode
3. A temperature sensor (not shown) 1s attached to the lower
clectrode 3 to be used to constantly monitor a temperature of
the waler W on the lower electrode 3.

Formed inside the mounting table 10 1s an imnternal coolant
channel 10A where a specific coolant (e.g., a conventionally
well known fluorine-based fluid, water or the like) passes
through. The lower electrode 3 and the water W on the lower
clectrode 3 are cooled while the coolant 1s flowing 1n the
internal coolant channel 10A, so that the water W 1s con-
trolled to be maintained at a desired temperature. Further, an
clectrostatic chuck 14 made of an insulating material 1s dis-
posed on the lower electrode 3, and a high voltage DC power
supply 15 1s connected to an electrode plate 14A inside the
clectrostatic chuck 14. The electrostatic chuck 14 electrostati-
cally adsorbs the water W with an electrostatic force gener-
ated on a surface by a high voltage applied from the high
voltage DC power supply 15 to the electrode plate 14A. A
focus ring 16 surrounding the electrostatic chuck 14 1s dis-
posed at an outer periphery of the lower electrode 3 to focus
the plasma on the wafer W.

Moreover, formed at the mounting table 10 1s a gas channel
10B for supplying a thermally conductive gas such as He gas
or the like as a backside gas. The gas channel 10B has open-
ings at multiple locations on a top surface of the mounting
table 10. Those openings match with through holes formed at
the electrostatic chuck 14 on the mounting table 10.

Thus, 11 the backside gas 1s supplied to the gas channel 10B
of the mounting table 10, the backside gas 1s discharged
through the through holes of the electrostatic chuck 14 via the
gas channel 10B to be uniformly diffused into an entire gap
between the electrostatic chuck 14 and the water W to thereby
increase a thermal conductivity 1n the gap. Further, referring
to FIG. 1, there 1s illustrated a gate valve 17 formed at the
processing chamber 2, for allowing the water W to be carried
into or out of the processing chamber 2.

In the aforementioned plasma processing apparatus 1, the
opening 106 1s formed on the insulation film 102 by perform-
ing the etching process on the water W and, then, the quality
of the remaining film 102A generated during the etching
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process 1n the msulation film 102 1s modified. Thereaftter, the
modified remaining film 102A of the insulation film 102 1s
removed by a liquid chemical processor 20 to be described
later. Accordingly, an etching selectivity of the remaining film
102 A against the underlayer 101 becomes infinite. As a result,
the remaining {ilm 102A can be exclusively removed without
damaging the underlayer 101.

As shown in FIG. 2, for example, the liquid chemical
processor 20 includes a water chuck 21 that can be moved up
and down, a motor 22 for rotating the water chuck 21, a liquid
chemical supply unit 23 arranged to be separated from the
motor 22, for supplying a liquid chemical to a central portion
ol atop surface of the waler W electrostatically adsorbed to be
held by the water chuck 21, and a ring-shaped receptacle 24
for collecting the liquid chemical dispersed from the surface
of the watler W after the processing. Those components are
supported by a support plate 25.

Still referring to FIG. 2, the water chuck 21 1s lifted up and
down by a elevating mechanism 26 surrounding an upper
portion of the motor 22. The liquid chemical supply unit 23
includes a liquid chemical supply line 23A connected to a
liquid chemical tank (not shown), a nozzle 23B attached to a
leading end of the liquid chemical supply line 23 A, a support-
ing arm 23C for supporting the nozzle 23B and a driving body
23D for elevating the supporting arm 23C, wherein the nozzle
23B supplies a liquid chemical to a central portion of the
waler W held by the water chuck 21. The liguid chemical
supply unit 23 1s also used for supplying a cleaning fluid such
as pure water or the like. In case the water W 1s cleaned, a
cleaning brush 27 disposed above the water chuck 21 1s used.

Moreover, the ring-shaped receptacle 24 1s formed 1n an
approximate doughnut shape, and an opening 24 A 1s formed
along an upper portion of an inner peripheral surface, thereby
collecting liquid chemical dispersed from the rotating watfer
W through the opening 24 A after the processing. Further, an
exhaust line 24B 1s formed on a bottom surface of the ring-
shaped receptacle 24 which passes through the support plate
25 downwardly, thereby discharging the liquid chemical into
a predetermined collection tank (not shown) through the
exhaust line 24B after the processing.

Hereinatter, a first preferred embodiment of the etching
method of the present invention using the plasma processing
apparatus 1 and the liquid chemical processor 20 will be
described with reference to FIGS. 3 and 4. In this embodi-
ment, as shown in FIGS. 3A and 3B, an etching process 1s
performed on the waler W 1n which an underlayer 101, a
S1COH-based low dielectric constant mnsulation film (herein-
alter, referred to as ‘low-k film’) 102, a hard mask 103, an
anti-reflection coating 104 and a resist film 105 are laminated
in order. The underlayer 101 1s formed of, e.g., S1C, S1CN or
the like. The S1COH-based low-k film 102 1s made of an
organic material including S1, C, O and H, e.g., a methyl-
hydrogen-silsesquioxane (MSQ)-based organic material or
the like. Further, the hard mask 103 1s formed of, e.g., S10,,
S1IN or the like. Moreover, an opening 105A 1s formed 1n
advance in the resist film 105 in a specific pattern by a pho-
tolithography process.

Once the aforementioned waler W 1s supplied to the
plasma processing apparatus 1, the gate valve 17 of the
plasma processing apparatus 1 1s opened and, then, the water
W 15 loaded into the processing chamber 2 through the load-
ing/unloading port. When the wafer W 1s mounted on the
lower electrode 3, the water W 1s fixed on the electrostatic
chuck 14 by the electrostatic adsorption. After the loading/
unloading port 1s closed by closing the gate valve 17, the first
to the third gas source 12A to 12C of the gas source 12
respectively supply C,F, gas, Ar gas and N, gas as etching
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gases at a predetermined flow rate ratio toward a top surface
of the water W through the gas ijection openings 5B of the
upper electrode 5.

At this time, the respective gas flow rates of C F, gas, Ar
gas and N, gas preferably range from 4 sccm to 6 sccm, from
500 sccm to 1000 scecm, and from 100 sccm to 200 scem, for
example. Further, a gas pressure 1nside the processing cham-
ber 2 preferably ranges from 50 mTorr to 75 mTorr, for
example. During the etching process, He gas 1s supplied to a
backside of the water W at a controlled flow rate, thereby
cooling the water W.

If the iner space of the processing chamber 2 1s stabilized
to be maintained at a predetermined vacuum level, high fre-
quency powers are applied from the first high frequency
power supply 6 and the second high frequency power supply
7, respectively, thereby generating a plasma of the etching
gases between the lower electrode 3 and the upper electrode 5.
The high frequency power applied from the first high fre-
quency power supply 6 preferably ranges from 400 W to 1700
W, for example. Moreover, the high frequency power applied
from the second high frequency power supply 7 preferably
ranges from 300 W to 1200 W, for example.

If an anisotropic etching i1s performed on the waler W
shown 1n FIG. 3A by using the resist film 105 as a mask under
the aforementioned conditions, the anti-reflection coating
104, the hard mask 103 and the low-k film 102 are etched,
thereby forming the opening 106 as illustrated in FIG. 3B. In
this embodiment, the supply of C F, gas, Ar gas, and N, gas
1s suspended right before the underlayer 101 1s about to be
exposed and, then, the etching process 1s stopped. Accord-
ingly, as shown 1 FIG. 3B, a part of the low-k film 102
remains to be left as the remaiming film 102A on the under-
layer 101. A film thickness of the remaining film 102A 1s
preferably smaller than or equal to 100 nm, and, more pret-
erably, 1t ranges from 30 nm to 50 nm. If 1t 1s smaller than 30
nm, a defective layer may be formed on the underlayer 101.
On the contrary, 1t it 1s greater than 100 nm, the remaining
film 102A may not be completely removed by an after-treat-
ment followed by the etching process. Herein, the film thick-
ness of the remaining film 102A can be managed by control-
ling, e.g., an etching time or the like.

When forming the opeming 106 by etching the Low-K film
102, there are generally formed a defective layer 106 A on the
bottom surface and the sidewall surface of the opening 106.

However, 1n this embodiment, since the remaimng film
102A 1s left above the underlayer 101, a defective layer 1s not
tormed on a surface of the underlayer 101. Instead, the defec-
tive layer 106 A 1s formed on a surface of the remaining film
102A and on the sidewall surface of the opening 106. Accord-
ingly, the detfective layer 106 A remains to be left inside the
opening 106, 1t needs to be removed.

Accordingly, in this embodiment, after the etching process,
a quality modification process 1s performed on the remaining
film 102 A of the low-k film 102 1n the same plasma process-
ing apparatus 1.

To be specific, the first to third gas sources 12A to 12C of
the gas source 12 are switched off and instead, O, gas 1s
supplied as a modifying gas at a specific flow rate from the
fourth gas source 12D 1nto the processing chamber 2. At this
time, a flow rate of O,, gas preferably ranges from 100 sccm to
300 sccm, for example. Further, the gas pressure inside the
processing chamber 2 preferably ranges from 5 mTorr to 20
mTorr, for example. A high frequency power applied from the
first high frequency power supply 6 preferably ranges from
100 W to 300 W, for example, whereas that applied from the
second high frequency power supply 7 preferably ranges
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from O W to 300 W, for example. Other conditions remain to
be same as those of the etching process.

If a plasma 1s generated from O, gas under the aforemen-
tioned conditions and, then, the oxygen plasma 1s applied
onto the water W illustrated in FIG. 4A, a methyl group
forming the remaining {ilm 102A of the low-k film 102 reacts
to oxygen and then 1s removed by the oxidation. Conse-
quently, as depicted in FIG. 4B, the remaining film 102A of
the low-k film 102 1s modified into glass components S10_
including S1 and O. After the quality modification process 1s
completed, a liquid chemical processing 1s performed on the
waler W to thereby remove the modified portion of the water
W.

Further, instead of oxygen gas, a gas mixture of N, and H,
can be used as the moditying gas in modifying the remaining
film 102A of the low-k film 102. In this case, a tlow rate of N,
gas prelerably ranges from 0 scecm to 200 scem, and that of H,
gas preferably ranges from 200 sccm to 0 sccm, for example.
Furthermore, the gas pressure mnside the processing chamber
2 preferably ranges from 10 mTorr to 50 mTorr, for example.
Each of high frequency powers applied from the first and the
second high frequency power supply 6 and 7 preferably
ranges from 100 W to 500 W, for example. Other conditions
remain to be same as those of the etching process. Besides,
betore the quality modification process, the resist film 105 on
the surface of the water W 1s removed by an ashing using an
ashing apparatus (not shown).

Hereinatter, a method for removing the modified remain-
ing film 102A of the low-k film 102 with the liquid chemical
processor 20 will be described. In this embodiment, as for a
liquid chemical, a solution containing at least one of hydroi-
luoric acid, ammonium fluoride, and tetramethyl ammonium
hydroxide 1s preferably used. Hereinafter, there will be
described a case of using a dilute hydrofluoric acid. Once the
waler W 1s supplied to the liquid chemical processor 20 by a
transier mechanism (not shown), the water chuck 21 thereof
1s elevated by the elevating mechanism 26 and then receives
the water W 1n the liquid chemical processor 20.

Next, the water chuck 21 holding the water W 1s driven to
rotate by the motor 22 at a high speed. In this state, 1f the dilute
hydrofluoric acid 1s supplied through the nozzle 23B of the
liquid chemical supply unit 23 to a top central surface of the
waler W, the dilute hydrofluoric acid reacts with the glass
components of the remaining film 102 A of the low-k film 102
and dissolve the glass components including mainly S1 and O,
resulting in a removal of the remaining film 102 A ofthe low-k
f1lm 102.

At this time, a volume ratio between hydrofluoric acid and
water 1n the dilute hydrofluoric acid used herein 1s 1:100, for
example, and the processing 1s performed for 30 seconds to
one minute. Since the dilute hydrofluoric acid does not react
with S1C of the underlayer 101, the remaining film 102A 1s
exclusively and completely removed without damaging the
underlayer 101. Further, the defective layer 106 A generated
by the etching 1s also removed by the liquid chemical pro-
cessing. After the processing, the dilute hydrofluoric acid
containing SiF, 1s dispersed from the surface of the water W
to thereby be collected 1n the ring-shaped receptacle 24 via
the opening 24 A. The collected liquid 1s discharged from the
ring-shaped receptacle 24 through the exhaust line 24B of the
ring-shaped receptacle 24.

As described above, this embodiment mnvolves a first step
of forming the opening 106 by etching the low-k film 102
until right before the underlayer 101 1s aboutto be exposed by
applying a plasma of an etching gas containing C,F, through
the resist film 105 having the opening 105A formed 1n a
specific pattern, a second step of moditying a quality of the
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remaining {ilm 102A of the low-k film 102 by applying the
plasma of oxygen gas onto the remaining film 102A of the
low-k film 102, and a third step of removing the modified
remaining film 102A of the low-k film 102 with the dilute
hydrotluoric acid.

Accordingly, the remaining film 102A of the low-k film
102 can be exclusively removed. Moreover, since the modi-
fied remaining film 102A of the low-k film 102 by the dilute
hydrotluoric acid 1s removed by a wet etching process, a wet
ctching selectivity for the underlayer 101 becomes infinite.
Accordingly, the opening 106 can be formed with high accu-
racy without damaging the surface of the underlayer 101.
Therefore, even 1f the underlayer 101 and the low-k film 102
keeps getting thinner along with the trend for high density and
high integration of a semiconductor device, the low-k film
102 can be exclusively etched without damaging the under-
layer 101.

In this embodiment, there has been described a method for
removing the modified remaining film 102 A of the low-k film
102 through the wet etching by using a liquid chemical con-
taining tluorine. However, as will be described hereinaftter,
the modified remaiming film 102A of the low-k film 102 can
also be removed by using apparatuses for performing a
chemical oxide removal (COR) method illustrated in FIG. SA
(heremaftter, referred to as “COR apparatus™) and a post heat
treatment shown 1n FI1G. 5B (hereinafter, referred to as “PHT
apparatus™)

Specifically, as shown 1n FIG. 5A, a COR apparatus 30
includes a vacuum processing chamber 31, a mounting table
32 for the waler W, disposed at a central portion of a bottom
surface mside the processing chamber 31, and a shower head
33 provided at an upper ceiling of the processing chamber 31.
The COR apparatus 30 performs a COR process for convert-
ing the modified remaining film 102 A of the low-k film 102 of
the water W on the mounting table 32 into volatile chemical
compounds by using a processing gas supplied through the
shower head 33 into the processing chamber 31. The COR
process 1s a dry etching process using no plasma. To be
specific, the modified remaining film 102A of the low-k film
102 1s converted 1nto volatile chemical compounds due to a
chemical reaction with a processing gas to be removed there-
after, wherein no plasma 1s generated from the processing
gas.

As shown i FIG. 5A, an evacuation port 31 A formed on a
bottom surface of the processing chamber 31 1s provided at an
outer portion of the mounting table 32. After the treatment,
the gas 1s discharged to the outside through the evacuation
port 31A. An electrostatic chuck (not shown) 1s provided on a
top surface of the mounting table 32, and a coolant channel
32 A for circulating a coolant 1s formed therein. Further, a first
gas supply line 33A and a second gas supply line 33B are
tormed on a top surface of the shower head 33, and a plurality
of gas injection openings 33C are formed on a bottom surface
of the shower head 33, 1.e., on an upper wall of the processing
chamber 31. Accordingly, the shower head 33 supplies a
processing gas introduced from the first and the second gas
supply line 33A and 33B mto the processing chamber 31
through the gas injection openings 33C.

As for the processing gas, a gas mixture ol ammonia gas
and hydrogen fluoride gas, for example, 1s preferably used as
shown in FI1G. 5A. Moreover, an Ar gas may be added thereto.
Herein, 1t 1s preferable to set a tlow rate of the ammoma gas to
be greater than that of the hydrogen fluoride gas. For example,
a flow rate (sccm) ratio of the ammoma gas to the hydrogen
fluoride gas 1s preferably 1n the range of 1:1 to 2:1. Further, a
pressure of the gas mixture inside the processing chamber 31
preferably ranges from 10 mTorr to 40 mTorr. A temperature
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of the mounting table 32 1s preferably set to be kept at 25° C.,
for example. As will be shown 1n a following chemical for-
mula, by performing the COR process in which the atoremen-
tioned gases react with the glass components S10, of the
modified remaining film 102A of the low-k film 102 of the
waler W, a volatile gas component and volatile complex com-
pound (NH,),S1F,. are generated.

Si0,+4HF—SiF,+2H,01

SiF,+2NH,+2HF—(NH,),SiF,

Meanwhile, as illustrated 1n FIG. 5B, a PHT apparatus 40
includes a processing chamber 41 and a mounting table 42 for
accommodating therein a heater 42A and performs a PHT
process by heating a water W that has been subjected to the
COR process. Accordingly, as depicted in the following
chemical formula of the PHT process, the volatile complex
compound 1s thermally decomposed into volatile gas compo-
nents to be completely volatilized and, then, removed from
the water W. In addition, an evacuation port 41 A formed on a
bottom surface of the processing chamber 41 1s provided at an
outer portion of the mounting table 42. The volatilized gas
compounds are discharged by supplying a predetermined gas
(e.g., unreactive gas such as nitrogen gas or the like) through
a shower head (not shown).

The water W 1s preferably heated 1n the range of 80° C. to
200° C., for example. Further, a processing time of the wafer
W preferably ranges from 60 seconds to 180 seconds, and a
gas pressure inside the processing chamber 41 preferably
ranges from 500 mTorr to 1 Torr, for example. A flow rate of
the unreactive gas such as a nitrogen gas or the like preferably
ranges from 500 sccm to 3000 scem, for example. Moreover,
as shown 1n FI1G. 5B, during the PHT process, N, and H, are
slightly volatilized in addition to following volatile com-
pounds.

|COR process]

(NH,),SiF—SiF 1 +2NH, 1+2NF1 [PHT process]

As described above, 1n accordance with this embodiment,
the COR process and the PHT process are sequentially per-
formed 1n removing the modified remaining film 102A of the
low-k film 102. Accordingly, the modified remaining film
102A of the low-k film 102 1s converted into the chemical
compounds to be volatilized and, then completely removed.
As a result, a surface of the underlayer 101 can be exposed
without being damaged.

The present invention 1s not limited to the atorementioned
embodiment. Although the aforementioned embodiment has
described a case where the hard mask 103, the anti-reflection
coating 104 and the resist film 105 are laminated on the low-k
film 102, the present invention can also be applied to a case
where the anti-retlection coating 104 and the resist film 1035
are removed and, then, an etching 1s performed by using the
hard mask 103 as a mask.

That 1s, the present invention includes the method of form-
ing the opening 106 by etching the msulation film 102 until
1ust before the underlayer 102 1s about to be exposed, modi-
tying a quality of the remaining film 102A thereof on a
bottom surface of the opening 106 by applying a plasma of an
additional gas other than the etching gas, and removing the
modified portion with a liquid chemical. In addition, 1nstead
of a wet etching method, the present invention includes a dry
etching method using no plasma, e.g, the COR process, and
then removing a modified remaining film 102A.

The present invention 1s suitable for an etching method for
ctching an 1nsulation {ilm to form an opening.

In accordance with the present imvention, there can be
provided an etching method capable of etching an 1nsulation
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film exclusively with high accuracy without damaging the
underlayer even while the water keeps getting thinner along
with the trend for high density and high integration of a
semiconductor device.

While the mnvention has been shown and described with
respect to the preferred embodiments, 1t will be understood by
those skilled 1n the art that various changes and modification
may be made without departing from the scope of the mven-
tion as defined 1n the following claims.

What 1s claimed 1s:

1. A method for etching an insulation film through a pat-
terned mask, comprising;:

a first process of etching the insulation film until an under-

layer 1s about to be exposed by applying a first plasma of
a first processing gas, leaving a bottom portion of the
insulation film unetched;

a second process of modilying a quality of the bottom
portion of the insulation film by applying a second
plasma of a second processing gas, the second plasma
being different from the first plasma; and

a third process of removing the bottom portion of the
insulation film having a modified film quality with a
liquid chemical, wherein the insulation film 1s formed of
a single layer.

2. A method for etching an 1nsulation film through a pat-

terned mask, comprising:

a first process of etching the insulation film until an under-
layer 1s about to be exposed by applying a first plasma of
a first processing gas, leaving a bottom portion of the
insulation film unetched;

a second process of modilying a quality of the bottom
portion of the insulation film by applying a second
plasma of a second processing gas, the second plasma
being different from the first plasma; and

a third process of removing the bottom portion of the
insulation film having a modified film quality through a
dry etching process using no plasma, wherein the 1nsu-
lation film 1s formed of a single layer.

3. The method of claim 1, wherein the 1insulation film 1s a

S1COH-based low dielectric constant insulation film.

4. The method of claim 2, wherein the 1nsulation film 1s a
S1COH-based low dielectric constant insulation film.

5. The method of claim 1, wherein the mask includes a hard
mask.

6. The method of claim 2, wherein the mask includes a hard
mask.

7. The method of claim 1, wherein the first processing gas
1s tluorocarbon gas.

8. The method of claim 2, wherein the first processing gas
1s tluorocarbon gas.
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9. The method of claim 3, wherein 1n the second process, a
methyl group 1s mainly removed from the SICOH-based low
dielectric constant insulation film.

10. The method of claim 1, wherein the second processing
gas contains at least H, gas or O, gas.

11. The method of claim 2, wherein the second processing
gas contains at least H, gas or O, gas.

12. The method of claim 1, wherein the liqud chemical
contains at least one of hydrofluoric acid, ammonium fluoride
and tetramethyl ammonium hydroxide.

13. The method of claim 2, wherein the dry etching process
using no plasma employs a chemical oxide removal method.

14. The method of claim 1, wheremn the underlayer 1s
formed of S1C or S1CN.

15. The method of claim 2, wherein the underlayer 1s
formed of S1C or S1CN.

16. A method for etching a SiICOH-based low dielectric

constant insulation film, comprising:

a first process of etching the SICOH-based low dielectric
constant insulation film with a fluorocarbon gas plasma
without exposing an underlayer such that a thickness of
a remaining {ilm formed of an unetched bottom portion
of the SiICOH-based low dielectric constant insulation
f1lm 1s smaller than or equal to 100 nm:;

a second process of removing a methyl group from the
remaining film by applying a plasma containing H, gas
or O, gas; and

a third process of removing the remaining film devoid of
the methyl group with a solution containing at least one
of hydrofluoric acid, ammonium fluoride and tetram-
cthyl animonium hydroxide, wherein the insulation film
1s formed of a single layer.

17. A method for etching an insulation film through a

patterned mask, comprising:

a first process of etching the insulation film until an under-
layer 1s about to be exposed by applying a first plasma of
a first processing gas, leaving a bottom portion of the

insulation film unetched;

a second process of moditying a quality of the bottom
portion of the msulation film by applying a second
plasma of a second processing gas, the second plasma
being different from the first plasma; and

a third process of removing the bottom portion of the
insulation film having a modified film quality, wherein
the mnsulation film 1s formed of a single layer.

18. The method of claim 1, wherein the second processing
gas contains H, gas.
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